The main objective of this study was to determine the impact of three commercial yeasts (BDX, ICVD21 and BM4x4) and lactic acid bacteria (VP41 and ALPHA) on the phenolic profile of Montenegrin red wines. Wines made of two autochthonous grape varieties (Vranac and Kratošija) and international grape variety (Cabernet Sauvignon) were examined. The research was performed during the 2012 and 2013 vintage and twenty-one phenolic compounds, including stilbenes, hydroxycinnamic and hydroxybenzoic acids, and flavonols have been identified in the wine after alcoholic and malolactic fermentation, using the liquid chromatography-mass spectrophotometry method. The influence of different commercial yeasts on all analysed phenolic compounds was statistically significant (p < 0.05) for all examined wines, and there were also statistically significant differences between varietal wines. After alcoholic and malolactic fermentation, the highest average content of p-coumaric acid was determined in Vranac wines. Additional analysis of stilbenes after alcoholic fermentation of varietal wines of the 2013 vintage revealed that the total content of stilbenes was the highest in Vranac wines, where a significant increase of their concentration was observed in wines inoculated with commercial yeast. A similar trend was observed in all studied wine varieties.
of huge importance for the volatile phenol production. Their content in grapes, musts or wines, and their distribution, depend on grape variety and growth conditions [3] . HCAs act as flavour precursors in some specific conditions and can be transformed by Brettanomyces/Dekkera spp. into volatile phenols: 4-ethylphenol (4-EP), 4-ethylguaiacol (4-EG), 4-ethylcatechol (4-EC). These volatile phenols are related to unpleasant odours described as "horse sweat", "stable", "leather", "phenolic" or "varnish", etc. [4] [5] [6] . Elevated levels of precursors (p-coumaric and ferulic acids) stimulate volatile phenol production [7] . Therefore, the availability of ferulic acid and p-coumaric acid is important for the significant production of 4-ethylguaiacol and 4-ethylphenol, respectively. It has previously been shown that by using lactic acid bacteria (LAB) with cinnamoyl esterase activity in wine, the amount of free HCAs could increase during the malolactic fermentation (MLF). B. bruxellensis can process only the unbound HCAs [8] and, as a result, B. bruxellensis could produce significantly higher concentrations of 4-EP and 4-EG. For example, the conversion of coutaric acid to p-coumaric acid by the enzyme called cinnamyl esterase and by other microorganisms such as LAB, can contribute to the increased formation of volatile phenols by B. bruxellensis, because the amount of volatile phenol precursors increased in that way [9] . It was suggested that minimizing the amount of free HCAs would reduce the production of volatile phenols if growth of B. bruxellensis occurs [10] .
S. cerevisiae strains with hydroxycinnamate decarboxylase (HCDC+) activity capable to perform the alcoholic fermentation (AF) has been recognized as a method to decrease the precursors of ethylphenols [11] . The obtained vinylphenols react with anthocyanins in grapes giving vinylphenolic pyranoanthocyanins, representing stable pigments in wine [12, 13] . A successful and complete AF is safeguarded using selected yeasts and a suitable yeast nutrition; thus, the development of spoilage microorganisms is prevented [14] . Berbegal [8] demonstrated the importance of selected cultures for the control of development of the spoilage yeast B. bruxellensis, thus disabling evolution of volatile phenols.
Unwelcome microorganisms acting as B. bruxellensis can be developed during the time interval from the end of AF to the start of MLF. Some nutritional compounds accessible to the spoilage microorganisms can be found during this stage and, the indigenous LAB consortium up to that time is not developed and therefore microbial rivals are missing. The proliferation of B. bruxellensis can be successfully controlled by early inoculation with LAB after AF [8] .
Montenegro has a long tradition of grape growing and winemaking, due to its geographical origin and favourable climate. Autochthonous grapevine varieties in Montenegro are significant. Vranac and Kratošija are the most widespread grapevine varieties here and the winemaking sector is based on their breeding and on the production of grapes and wines from these varieties [15] .
Kratošija dominated until the emergence of phylloxera; however, its role was then taken over by Vranac, which features a lower heterogeneity and better skin coloration [16] . Phenolic compounds are of huge importance for understanding the specific wine quality produced from indigenous grape varieties [17] [18] [19] . Raičević [20] studied the influence of different parameters, such as the addition of enzymes, oak chips and grape tannins on the extraction of phenolic compounds from grape during traditional and modern maceration, applying spectrophotometric methods for the determination of total phenolics, total anthocyanins and total flavan-3-ols, as well as the colour intensity and hue of Vranac wines. Vranac grapes are considered to have a strong polyphenol potential [21] , as well as a high colour potential [22] . Ivanova [23] determined the polyphenol content by the extraction of grape seeds and skin and showed that wines of the Vranac grape variety, within other wines made of grape varieties cultivated in North Macedonia such as Cabernet Sauvignon and Merlot, has the highest phenolic potential with a high content of total phenolics, total flavonoids, total catechins and total anthocyanins; thus, the wine is characterized by a high level of the colour intensity. Pajović [24] showed that, on average, the Cabernet Sauvignon wines had a higher content of total polyphenols compared to the Vranac and Kratošija wines. Ivanova [21] also showed that the Vranac grape variety had higher polyphenolic content relative to Merlot, which can be ascribed to higher levels of total phenolics and flavonoids in the seeds and skins, and a higher content of flavan-3-ols and anthocyanins in the skins, enabling discrimination of these varieties.
However, there is no extensive data available regarding relation of phenolic profile to volatile phenols formation in wines made in the Montenegrin wine region. On the other hand, a significant number of studies were published on the phenolic composition and volatile phenols of Cabernet Sauvignon, but there is no data for the wine of this international variety cultivated in Montenegro. The main objective of this research was to determine the impact of different commercial yeasts and LAB on phenolic profile of Montenegrin wine made of two autochthonous grape varieties, Vranac and Kratošija, and in one made of the Cabernet Sauvignon variety.
EXPERIMENTAL Grape harvest and winemaking
The trial was carried out during the 2012-2013 vintages. Grapes of all three examined varieties were grown in the vineyards of the "13. Jul Plantaže" company at Ćemovsko field (2400 ha), Montenegro. This site belongs to the sub-region of Podgorica, which is part of the Montenegrin Basin of Skadar Lake. The geographical location is between 41°50' and 42°45' north latitudes and 16° and 17° east longitudes. Examined grapes of autochthonous grape varieties Vranac and Kratošija were planted in 2003 at the Dinoš micro-locality, while the Cabernet Sauvignon grape variety was planted in 2006 at the microlocality Pista, within Ćemovsko field. For all three grape varieties the same distance of planting (2.6 m×0.7 m) was applied, vines were formed in the shape of single Guyot, and Paulsen 1103P rootstock was used. Besides, grapes of all varieties were manually harvested at technical maturity. Harvested grapes were brought to the experimental cellar of the winery "13. Jul Plantaže", and wine was produced at microvinification scale.
Alcoholic fermentations (AF) of all trials were performed in PVC barrels of 500 L volume, according to the traditional method. For each grape variety, four different AF trials which consisted of control (CTRL) wine without the addition of commercial yeast, i.e., AF was spontaneous, and three trials with addition of different commercial yeast: BDX -Enoferm BDX, BM4x4 -Lalvin BM4x4 and ICVD21-Lalvin ICVD21. The yeasts (30 g/100 L) were prepared by rehydration in water (30 °C) and applied to the must for fermentation. Potassium metabisulfite (Agroterm KFT, Hungary) was added in the amount of 8 g/100 kg of grapes from all varieties. All enzymes, wine yeasts, lactic acid bacteria and yeast nutrients were obtained from Lallemand (France). Enzyme Lalvin EX-V for maceration (2 g/100 kg) and yeast nutrient Go-ferm protect (30 g/hL) were added at the beginning of fermentation, while the yeast nutrient Fermaid E (25 g/hL) was added during fermentation of all varieties.
Maceration and fermentation within Vranac and Kratošija trials was carried out for 6-8 days, while within Cabernet Sauvignon wines, maceration and fermentation lasted for 9-12 days. During the fermentation, the pomace was mechanically "pumped over".
The temperature of fermentation ranged from 23 to 30 °C. After alcoholic fermentation all four lots of wine were racked per grape variety.
In order to study the influence of different commercial lactic acid bacteria, after alcoholic fermentation all wines with addition of commercial yeast (BDX, BM4x4 and ICVD21) were separated in three same quantities for MLF. Two lots were inoculated with different commercial LAB (Enoferm ALPHA (Alpha) and Lalvin VP41 (VP41) (1 g/hL) and for the third lot malolactic fermentation was spontaneouscontrol (CTRL), i.e., one without addition of LAB. Both selected commercial LAB for driving MLF are Oenococcus oeni strains with unique performance and winemaking properties. Besides, both strains stood out as highly tolerant, which can perform MLF under the most difficult winemaking conditions such as very high alcohol, as well as low pH. After all, the most important thing for this research is that they are cinnamoyl esterase negative, i.e., cannot produce precursors for ethylphenol production by Brettanomyces.
After completion of MLF, the wines were racked, potassium metabisulfite was added in the amount depending on free SO 2 .
Analysis of the phenolics by LC-MS/MS
The LC-MS system described by Kadivec et al. [25] , using Kinetex C18 column (100 mm×2.00 mm; 2.6 µm), was used for the analysis of the phenolics.
The mass spectrometer was operated in negative ion mode (ESI) with the following parameters: capillary voltage = 3.5 kV, cone voltage = 20 V, extractor = 2 V, the source temperature = 120 °C, the desolvation temperature = 350 °C, the cone gas flow was 30 L/h, and the desolvation gas flow was 350 L/h. The mobile phase consisted of 0.1% formic acid (A) and acetonitrile (B). Gradient of the mobile-phase used was: 0-2 min, 3% B; 2-20 min, 3% -60% B; 20-21 min, 60% -100% B; 21-25 min, 100% B; 25-26 min, 100% -3% B; 26-35 min, 3% B, with the flow rate of 0.300 mL/min. The injection volume was 5 µL and the column temperature was 30 °C. The phenolic acids were quantified and identified as described by Bornšek et al. [26] .
Statistical data analysis
The experimental data were evaluated statistically using the SAS (SAS/STAT, 1999). The basic statistical parameters were calculated using the MEANS procedure. The data were tested for normal distributions and analysed according to General Linear Model (GLM) procedure. The statistical models included the main effects of the commercial yeast (and LAB) addition (CY; BDX, BM4x4, ICVD21 and CTRL; CYL; BDX-ALPHA, BDX-CTRL, BDX-VP41, BM4X4-ALPHA, BM4X4-CTRL, BM4X4-VP41, CTRL, ICVD21-ALPHA, ICVD21-CTRL and ICVD21-VP41) and grape variety (GV; Cabernet Sauvignon, Kratošija, and Vranac) as well as their interaction: y ijk = µ + CY(L) i + GV j + CY(L)GV ij + e ijk . The mean values for the experimental groups were obtained using the LSM test, and they were compared at the 5% probability level.
RESULTS AND DISCUSSION

Phenolics content after alcoholic and malolactic fermentation
The composition of phenolic compounds in wine depends on many factors which include: grape variety, winemaking technology, level of maturation, breeding system, UV radiation and sunlight exposure, as well as phenolic reactivity during winemaking and ageing [27] [28] [29] [30] . Besides, attention was paid on oenological and overall evaluation of wines from Montenegrin indigenous cultivars [15, 20, [31] [32] [33] .
A significant attention has been directed towards the effects of yeast on the extraction of phenolic compounds in red wines [34] . As we did research on influence of selected yeast and LAB, the chosen experimental winemaking trial was performed in a PVC barrel of 500 L, in order to ensure enough volume that could be assessable after not only for selected yeast, but for lactic acid bacteria, as well. In this way AF and MLF were promoted in replicable manner. In this research, the influence of different commercial yeast on all analysed phenolics content was statistically significant (p < 0.05) for all examined wines, except for caffeic acid in Cabernet Sauvignon wine (p > 0.05). There are also statistically significant differences in all phenolics content between varietal wines. Figure 1 presents the sum of individual phenolic compounds in wines with spontaneous and inoculated alcoholic fermentation. In Kratošija and Vranac wines of vintage 2012 (A) and 2013 (B), produced with inoculated alcoholic fermentation, a higher total content of phenolic compounds was evident, particularly in Kratošija wine where wines with inoculated AF contained 6.5 times higher content of total phenolic compounds, followed by Vranac wines with 1.6 times higher concentration. However, the highest total content of phenolic compounds after spontaneous alcoholic fermentation was determined in Cabernet Sauvignon wines, followed by Vranac and then Kratošija, which is in accordance with results obtained by Pajović [24] . In the 2013 vintage, the highest content of total phenolic compounds was determined in Vranac wines, followed by Cabernet Sauvignon and Kratošija wines. On average, the wines inoculated with commercial yeast had lower content of total phenolic compounds compared to wines after spontaneous AF, with the exception of Kratošija wines, where no differences were observed regardless of the type of AF. Characterization of the phenolic profile of 2012 vintage revealed that hydroxycinnamic acids (HCAs) represent the majority of examined phenolic compounds in Kratošija wines where commercial yeasts were used for AF (63.7±1.3%), followed by Cabernet Sauvignon (55.8±2.0%) and Vranac (43.1±7.5%). While the results for Kratošija are in agreement with previously reported data for Zinfandel wines [35] , our study revealed higher content of HCAs in Cabernet Sauvignon compared to Vranac wine in case of spontaneous, as well as inoculated AF. While in Kratošija and Cabernet Sauvignon wines the percentage of hydroxybenzoic acids (HBAs) was lower than HCAs (31.3±0.9% and 38.1±2.5%), their amount in Vranac wines was almost the same (44.3±3.0%). In wines of the 2013 vintage the sum of hydroxybenzoic acids (HBAs) represents the majority of all examined phen- Compared to spontaneous MLF, an increase in the total content of phenolic compounds was observed after MLF in Kratošija wines inoculated with commercial LAB where BDX yeast was used. After MLF, a slight decrease in the total content of phenolic compounds was evident in Vranac wines where BDX and BM4x4 yeast were used, compared with spontaneous malolactic fermentation. In Cabernet Sauvignon wines the decrease was noticed in ICVD21 wine inoculated with alpha LAB (Figure 3) .
In the continuation of the research, we used linear discriminant analysis (LDA) in order to identify patterns in experimental data, group or separate the phenolic compounds. LDA was applied to detect patterns between specific phenolic compounds which can be used to distinguish among varietal wines of 2012 vintage, whether produced with or without different commercial yeast and LAB. After alcoholic fermentation, LDA analysis for ten phenolic compounds showed complete separation of the group respective to the used commercial yeast, i.e., F1 + F2 = 98.9% is achieved ( Figure 4 ). Complete separation was achieved for two hydroxycinnamic acids (ferulic acid, 2-hydroxycinnamic acid), flavonols (kaempferol, luteolin, naringenin, rutin), hydroxybenzoic acids (gallic acid, 3,4-hydroxybenzoic acid), chlorogenic acid and stilbene (trans-resveratrol).
As it was expected after MLF, LDA analysis was spread for 19 compounds and F1 + F2 = 91% ( Figure  5 ). Depending on the lactic acid bacteria (alpha and VP41), only one group of samples were separated, wines inoculated with BM4x4 yeasts, while the other control is very close to the other BDX and ICVD21. Table 2 ). Table 1 . HCA content in wines of the 2012 vintage after AF; SE -standard error of mean; P CY -statistical probability of commercial yeast addition; P GV -statistical probability of grape variety; mean values with a different letter (A, B, C) within the column are statistically significantly different (P ≤ 0.05, significance of differences between the grape varieties); mean values with a different letter (a, b, c, d) within a row are significantly different (P ≤ 0.05, significance of differences between the used commercial yeast) Table 2 . HCA content in wines of the 2013 vintage after AF; SE -standard error of mean; P CY -statistical probability of commercial yeast addition; P GV -statistical probability of grape variety; mean values with a different letter (A, B, C) within the column are statistically significantly different (P ≤ 0.05, significance of differences between the grape varieties); mean values with a different letter (a, b, c, d) within a row are significantly different (P ≤ 0.05, significance of differences between the used commercial yeast) There were statistically significant differences in ferulic acid content between varietal wines of both vintages, as well as between wines with different commercial yeasts (Tables 1 and 2 In our study, caffeic acid was the predominant HCA compared to other two acids (Table 1 and 2). Pajović [24] analysed the ester forms of HCAs with tartaric acid (trans-caftaric acid, cis-and trans-coutaric acid and fertaric acid) and free forms (trans-caffeic, trans-p-coumaric and trans-ferulic acids) were examined in the skin and pulp. Their study also showed that from all hydroxycinnamic acids analysed, caftaric acids prevailed, whereas coutaric acid showed much lower contents. Sturm et al. [37] (Figures 7 and 8) .
After taneous or induced with commercial LAB. The lowest content of this acid (4.12 mg/L) vas determined in Vranac ICVD21-ALPHA wine. In Cabernet Sauvignon wines, the ratio after and before MLF in all wines was above 1.00, meaning that the content of caffeic acid increased in all wines of this variety. The highest content of this acid was determined in Cabernet Sauvignon wine -ICVD21-CTRL (12.42 mg/L).
Stilbenes in wine
The biologically active stilbenes: cis-resveratrol, trans-resveratrol, cis-piceid and trans-piceid were also identified in the studied musts and wines after AF of 2013 vintage. The total content of stilbenes was the highest in Vranac wines, where a significant increase of their concentration was observed in wines inoculated with commercial yeast (2.4x) compared to spontaneous AF. A similar trend was observed in all studied wine varieties. A recent study [38] for the same varietal wines of the vintage of 2015, but from different vineyards of the sub-region of Podgorica, showed that the total content of stilbenes was the highest in wines made of Kratošija grapes, followed by Vranac, and a significantly lower content was found in Caber- 
CONCLUSIONS
The influence of different commercial yeasts on all analysed phenolic content was statistically significant for all examined wines, and there were also statistically significant differences in all phenolic contents between varietal wines. Higher total content of phenolic compounds was evident in Kratošija and Vranac wines with inoculated AF, of both studied vintages. The highest total content of phenolic compounds after AF and MLF was determined in Vranac wines, followed by Cabernet Sauvignon and then Kratošija.
Regarding to HCA content in examined wines, it can be confirmed that addition of commercial yeast had different influence on HCA content in all three varietal wines. The content of examined HCA changed differently in varietal wines, whether commercial yeast and LAB were used or not. After alcoholic and malolactic fermentation, the highest content of p-coumaric acid, on average, was determined in Vranac wines, much higher than in Kratošija and Cabernet Sauvignon wines. Analysis of stilbenes after AF of varietal wines of the 2013 vintage revealed that the total content of stilbenes was the highest in Vranac wines, where a significant increase of their concentration was observed in wines inoculated with commercial yeast. A similar trend was observed in all studied wine varieties. The results obtained in this study confirmed varietal differences in the phenolic profile and further consolidated the importance of yeast selection and its influence on the composition and content of phenols. 
